Individual voles were tested on successive days under increasing, decreasing, or randomly changing arena size. Locomotor behavior was adjusted to arena size by (i) preserving the same level of activity, (ii) taking longer but less frequent trips in smaller arenas in contrast to taking more frequent yet shorter trips in the larger arenas, and (iii) moving in the entire space available for exploration in the smaller arenas in contrast to remaining along the walls of the open field in the larger arenas. The effect of testing order was minimal, probably being related to increased novelty under increasing arena size, as opposed to habituation under decreasing arena size, when parts of the same area were re-explored. These behavioral changes averaged up to a two-fold difference compared with the larger six-fold change in the perimeter and 44-fold change in the area of the open field. The modest change in open-field behavior indicates that it has a solid spatio-temporal structure that withstands extensive environmental changes. This behavioral stability and consistency further validates studies of pharmacological, neurological, and genetic preparations that use behavior in a small open field as representation of the general pattern of behavior.
Introduction
The open field [19] is the most widely used test in animal psychology [35] . In this test an animal (usually a rodent) is introduced into a plain and illuminated arena [16] and observed for periods ranging from acute exposure of a few minutes [7] to repeated exposures of several hours [30] . Open-field behavior in rodents, mainly laboratory rats and mice, is commonly regarded as a fundamental index of their general behavior. Indeed, open-field locomotion is predictive of locomotor scores in other novel environments [35] . The open-field test has been criticized, arguing that it evaluates emotional reaction more than exploratory motivation, thus contributing to the fallacy of taking general motor patterns as the sole expression of any specific motivation [22] . The controversy has extended to the structure of the apparatus itself, which was described as "a poor and explicitly aversive environment with excess light and open spaces that does not elicit exploratory motivation" [16] . However, when the open-field test was not extrapolated to the study of drive or motivation, but rather to the spatio-temporal structure of locomotor behavior, it offered a valuable and reliable test of * Tel.: +972-3-6406471; fax: +972-3-6406988.
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activity and of the sequential (spatio-temporal) structure of behavior [6, 35] . Disorder in the spatio-temporal organization of behavior is a feature of obsessive-compulsive disorder and schizophrenia in humans, or cage stereotypies in animals [20] . Regarding this aspect, a discrimination of the intrinsic (environment independent) and extrinsic (environment dependent) features of locomotor behavior is essential. Previous studies have shown that spatio-temporal structure of open-field behavior in normal and drug-treated rats is organized in reference to a key location-the home-base [8, 9] . A short time after being introduced into the open field, rats establish a home-base in which they demonstrate a typical behavior (e.g. grooming and crouching). From the home-base they emerge to trips in the open field. Locomotion in the outward bound is slower, comprising more stops compared with the homeward bound [8] . In rats, trips have an upper limit of 8-10 stops per trip [18] . While normal rats take the stops in different places and in varying sequential order, under amphetamine the locomotor behavior becomes progressively less flexible as follows: first, the number of stops in a trip decreases from 8-10 to 1-4; second, the rats tend to stop in the same few stopping places; and third, the sequential order of stops becomes more rigid, comprising 3-4 packages at low doses (0.5 mg/kg), and 1-2 packages at high doses (5 mg/kg) of amphetamine [10] . The conclusion of these studies is that the home-base, the stops and the trips are intrinsic features of locomotor behavior in the open field that highlight the structure of behavior and the changes it undergoes in genetic or psychophysiological preparations [5, 6, 10] .
The structure and geometry of the environment also affects the spatio-temporal structure of behavior. The relative importance of environmental geometry and landmarks in shaping behavior is still a matter of debate [2] , although their role in navigation and organization of behavior has been extensively studied [12] [13] [14] [15] 25, 28] . Traditionally, the open field is a homogeneous arena and, therefore, location of the home-base seems arbitrary, indicating that it is an intrinsic behavior and not a specific physical location. In contrast, when rats are observed in a more complex environment that includes shelters, vertical walls, or corners, the home-base is usually established near one of these, and the intrinsic behavior is coupled with the extrinsic physical structure of the environment. Therefore, intrinsic and extrinsic properties of open-field behavior may be dissociated by altering the physical structure of the test environment. For example, it is intriguing to test whether the number of stops per trip varies with arena size, whether activity is dependent on arena size, and how rodents adjust locomotor behavior to arena size. The present study examines these aspects of open-field behavior under gradual or random changes in the size of the open field.
Specifically, arena size was gradually increased or decreased, or changed at random order to test which components of the activity and of spatio-temporal structure of locomotor behavior withstood these changes and which did not, with the assumption that constancies reflected intrinsic (environment independent) features of open-field behavior. The rationale for testing the same individual animals in a range of arena sizes was to reveal whether behavioral properties would be rescaled in some arena sizes but preserved in others. The rationale for exposing the animals to the various sizes of arena in several orders was to preclude a possible effect of testing order on the target effect of arena size.
Materials and methods

Animals
The social (Guenther's) vole (Microtus socialis guentheri) weighs 37-50 g and is 11 cm long plus a 2-cm tail. It is a burrow-dwelling rodent, with small eyes and ears, and short limbs and tail. Twenty-two male voles (3-6 months old) were used. They were bred in captivity at the research zoo of the Department of Zoology, Tel-Aviv University. Voles were marked individually by gently shaving parts of their fur, and then maintained for a week (until testing), in metal cages (70 cm × 40 cm × 25 cm; 4-6 voles in each). Two wooden boxes (20 cm × 15 cm × 10 cm) were placed in each cage to provide shelter. Seeds and diced fresh vegetables were provided daily. Based on years of experience in maintaining voles, provision of water is unnecessary when sufficient fresh vegetables are provided.
Voles were selected for this work for two reasons: (i) in order to expand previous findings in wild [8] [9] [10] and laboratory rats [5] to another rodent species and (ii) because voles are very active. The latter advantage of voles is crucial since the work with rats demanded either the rearing and taming of wild rats [8] [9] [10] , or extensive handling and manipulating of laboratory rats [31] [32] [33] [34] in order to achieve a level of activity high enough for this type of analysis. Voles are also less sensitive to testing in daytime compared to other nocturnal rodents, since their activity peaks are at sunrise and dusk [23] .
Apparatus
An arena (open field) was constructed by enclosing a tiled floor with plywood planks (60 cm high). Five arena sizes were used: 40 cm×60 cm, 80 cm×120 cm, 160 cm×240 cm, 220 cm × 340 cm, and 260 cm × 400 cm. The smallest arena represented a minimal space for exploration, the second and third arenas each doubled the dimensions of the previous size, and the fourth and fifth arenas were slightly smaller than maximal size of the testing room and maximal size, respectively. The testing room was air-conditioned (24 • C) and illuminated with two 300 W light bulbs directed to the white ceiling in order to provide diffused illumination of the arenas. A video camera (Ikegami B/W ICD-47E) was mounted on the ceiling, providing a top view of the animal, and linked to a VCR (JVC HR-J737).
Procedure
During the week before testing, voles were taken daily in a jar from their cages and placed individually in a 40 cm × 40 cm enclosure for a 2-min period. This handling procedure was aimed at reducing possible stress from the test procedure. On the test days, the cages with the voles were brought to a room adjacent to the testing room 1 h before testing. A tested vole was removed in random order from the cage to a jar, and gently released from the jar into the center of the arena. Each animal's behavior was videotaped for 15 min. Each vole was tested for five consecutive days, each time in a different arena size. Twenty-two voles were randomly divided into three groups: the first group comprised seven voles that were tested in increasing arena sizes (from 40 cm × 60 cm to 260 cm × 400 cm). Another seven voles were tested in decreasing arena sizes (from 260 cm×400 cm to 40 cm × 60 cm). Eight voles were tested in random order of arena size. At the end of testing, animals were returned to the vole breeding population at the research zoo.
Behavioral analysis
A tracking system (Ethovision by Noldus, NL) was used for data acquisition. The tracking system was set to score the location of the center of gravity of the vole every 0.2 s, and to classify the score as "not moving" when the speed was lower than 0.2 m/s, or as "moving" when the speed exceeded this limit. Each arena was divided into 20 cm × 20 cm squares, and these squares were further divided into a "perimeter" group that comprised the squares adjacent to the walls of the arena, and a "center" group which comprised all the other squares. This division was not possible for the 40 cm × 60 cm arena, where all squares were in the "perimeter", so this arena was further divided into a strip of 10 cm along the walls and another strip of 20 cm in the center.
Based on our past studies, the parameters acquired from Ethovision were classified to represent three perspectives:
(1) level of activity, (2) temporal organization of locomotion, and (3) spatial distribution of locomotion. Specifically, the following parameters were scored.
Activity
Distance traveled: Overall distance that a vole traveled during the 15-min observation.
Locomoting time: Overall duration of locomoting periods, during which voles accumulated the traveled distance.
Number of stops: The incidence of "non-locomoting" intervals that were bounded by "locomoting" intervals.
Inter-stops distance: The metric distance traveled between two consecutive stops (in other words, the distance traveled in a "locomoting" interval = total distance divided by the total number of stops).
Temporal organization
Number of trips: By ranking squares (places) according to the accumulated "non-locomoting" intervals, the place with the highest rank was termed "home-base" [8, 9] . Intervals between consecutive stops at the home-base were scored as "trips" to the arena. In other words, a trip comprised locomotion out from home-base through consecutive stops in the arena until returning to the home-base.
Trip length: Metric distance traveled in a round-trip (= total distance divided by the total number of trips).
Stops/trip: Number of stops taken between two successive stops at the home-base (= total number of stops divided by the total number of trips).
Spatial distribution
Distance traveled along the perimeter (%): Calculated as percentage of the total distance traveled, in order to show how much of the traveled distance took place along the vicinity of the walls of the arena, compared with the counterpart of locomoting in the center of the arena.
Time spent locomoting along the perimeter (%): Calculated as percentage of the total locomoting time, in order to show how much of the traveling time took place along the vicinity of the walls of the arena, compared with the counterpart of the time spent locomoting in the center of the arena.
Statistics
Analysis of variance (ANOVA) with repeated measures was applied (within-subject factor: arena size; betweensubject factor: testing order). Since some of the data may no be strictly independent; i.e. trip length is the division of traveled distance by the number of trips, etc., a Bonferroni correction was applied to set alpha level to 0.005. These comparisons were followed with Tukey test for nonequal n's.
Results
Activity
Arena size and testing order did not have a significant effect on the traveled distance and locomoting time. However, it seems that traveled distance was small in the smallest arena (Table 1 ). There was a significant effect of arena size, as well as significant interaction of arena size × testing order, on the number of stops, which increased with arena size in both the increasing and decreasing groups: the bigger the arena, the greater the number of stops. In the random group, the number of stops initially resembled that of the increasing-size group (in arenas 1, 2, 3), and then that of the decreasing-size group (arenas 4, 5). The link between stops and arena size was also seen in the first exposure to the open field, where the bigger the arena the higher the number of stops: the increasing-size group tested in the 40 cm × 60 cm arena showed the lowest number of stops; the decreasing-size group tested in 260 cm × 400 cm arena showed the highest number of stops; and the random group tested in the 160 cm × 320 cm had an intermediate number of stops. Similar ranking was evident in exposure 5, when the increasing-size group tested in the 260 cm × 400 cm arena had the highest number of stops, whereas the decreasing-size group tested in the 40 cm × 60 cm arena and the random group tested in the 80 cm × 120 cm arena had a lower number of stops. Despite the significant increase in the number of stops with arena size, there was no significant change in the inter-stop distance (total travel distance divided by the total number of stops; Table 1 ).
Temporal organization of behavior
There was a significant effect of arena size but not of testing order on the number of trips to the home-base ( Table 1) . The number of trips increased with arena size, with significantly more trips in the larger arenas compared with the smaller arenas. While the number of trips increased in the larger arenas, trip length significantly decreased, and therefore the voles took more, but shorter trips when arena size increased. A property that did not undergo any significant change was the number of stops in a trip, which was not statistically different in the different arena sizes and testing orders. 
Spatial distribution of activity
The spatial distribution of activity varied with arena size. While in smaller arenas the voles seemed to move freely over the entire available space, in the large arenas they confined their locomotion to the perimeter (along the walls) and avoided the center. Fig. 1 depicts the trajectories in the smallest (40 cm ×60 cm) and largest (260 cm ×400 cm) arenas in the three testing orders. In the small arena voles in the increasing-size group (left-hand column) typically move freely over the entire available area with minimal attraction to the walls, with only the bottom vole an exception to this pattern. In the decreasing-size group (central column) the level of activity was lower, with the majority of locomotion occurring along the perimeter, except for the vole depicted at the bottom of the column. Voles in the random group (right-hand column) resembled the decreasing-size group in terms of locomotion in the center of the arena. In the largest arena (260 cm × 400 cm), locomotion in the three groups was confined to the perimeter, and withingroup variability was wider compared with among-group variability.
The effect of arena size and testing order on the spatial distribution of locomotion is also shown in Fig. 2 , which depicts the trajectories of locomotion of three voles in the five arenas, tested in different order. The voles from the increasing-size group gradually shifted their locomotion to move along the perimeter. The voles in the decreasing-size group started off with a higher level of locomotion, including more locomotion in the center. Therefore, the confinement to the walls was less obvious in that animal. Again, the vole from the random group resembled that of the decreasing-size group.
The shift to traveling mainly along the perimeter was also evident in calculating the percentage of traveled distance and the time that voles in each group spent along the perimeter, compared with the total traveled distance and total traveling time. As show in Table 1 (bottom) there proportions of time spent along the perimeter increased with arena size, to almost 100% in the large arena. Indeed, there was a significant effect of arena size and significant interaction of arena size and testing order, but there was no significant effect of testing order alone. Post hoc comparisons revealed the main difference to be between the two smaller and two larger arenas. 
Discussion
In the present study, individual voles were exposed to five sizes of arenas in three testing orders: (1) increasing arena size, (2) decreasing arena size, and (3) random arena size. Changes and consistencies in locomotor behavior were assessed from three relatively independent perspectives: (i) level of activity, (ii) temporal structure, and (iii) spatial distribution. These perspectives are independent since each could vary without a corresponding change in the other perspectives. The results indicate that arena size had a significant effect on several features, whereas testing order had minor effect, which was expressed only in interaction with arena size. The effect of testing order was most obvious in the spatial distribution of activity ( Figs. 1 and 2 ; Table 1 ). A possible explanation for the effect of testing order is that increasing arena size presented the voles with a new unfamiliar area, whereas in the decreasing arena size they were exposed to part of the arena that had already been explored in previous sessions, and were thus habituated to the arena. The random order comprised a mixture of these effects. Since the effect of testing order was minimal, the following discussion concentrates only on the effect of arena size.
Activity
The traveled distance and locomoting time well reflect the magnitude (amount) of activity [4, 24, 29] . Applying these parameters in assessing the amount of activity, revealed no significant change in activity, as if voles possess a fixed amount of activity, independent of the space available for locomotion [7] . Other past observations in rats, mice and gerbils, suggest however, that ambulating increases with increase in arena size [35] . This does not necessarily contradict the present results, since as shown below, such an increase was also seen in the present study, not reaching statistical significance as in previous studies [35] .
Previous studies [7, 9, 18, 30] revealed that another indicator of activity is the number of stops. In accordance with these studies, the number of stops increased with arena size for all testing orders (see Table 1 ). In all, therefore, changes in activity under changing arena size and testing order occurred within a narrow range and did not involve a dramatic change in activity. To highlight the narrow range of change, as well as the non-significant increase in activity with the increase arena size, the behavior paid at each arena was calculated as the relative part of the total performance of this specific behavior. Fig. 3A describes the relative part of each arena in the total sum of each parameter of activity in each arena (100%). As shown, the behaviors paid in each arena converge to a narrow range of 15-25% of the cumulative activities in the five arenas.
Temporal structure
Previous studies have demonstrated that changes in amount of activity do not necessarily echo changes in the pattern of locomotor behavior [3, 4, 10, 24] . The temporal (sequential) structure of locomotor behavior in voles reveals the same spatio-temporal organization that was described in wild and laboratory rats [9, 11] , and then suggested as applicable to various other species [5, 6] including voles [7] . This similarity also accords with previous findings that open-field behavior in wild rodent species generally parallels that of laboratory and other domesticated rodent species [36] . Soon after being introduced into the open field, the voles establish a home-base, which is where they cumulatively spend the largest amount of time, and is also the most visited location. From this home-base, they embark upon trips [9, 10, 17] . In rats, the number of stops in a trip has an intrinsic upper boundary of 8-10 [18] .
When arena size increased, the voles took more trips but these trips were shorter in metric length and comprised the same number of stops per trip. In accordance with the shorter trip-length and relatively constant number of stops Fig. 3 . In each behavioral measure, the relative part of each arena size in the total (100%) is depicted for measures of activity (A), temporal structure (B), and spatial distribution (C). For example, the sum total of distance (100%) was the entire distance traveled in all five arenas together, and the relative part of each arena was the distance in that arena divided by the sum total. This calculated value is then compared to 20%, which is the average value (100% divided by five arenas; depicted by dashed horizontal line). The same calculation was then applied for all other behavioral measures. As shown, deviations of the calculated values from the average of equator 20% were minimal, and most behaviors ranged within 15-25%. per trip, the inter-stop distance (distance between successive stops) was shorter in the larger arenas. The number of stops per trip did not change with the increase in arena size, in the various testing orders, or in the interaction between arena size and order. This constancy is in agreement with previous studies, where the number of stops per trip was shown to be relatively constant ( [5] [6] [7] [8] 10] , and present results), representing an invariant intrinsic feature of exploratory locomotor behavior. Indeed, comparing the relative part of each arena in the total sum of the number of stops per trip revealed that this underwent minimal changes (Fig. 3B) . The consistency in number of stops per trip was preserved, on the one hand, in voles in both small and large arenas, and on the other hand, in voles compared with wild and laboratory rats. This consistency across species and testing apparatuses further corroborates the home-base, trips, and stops per trip as appropriate and relevant parameters in the analysis of locomotor behavior in rodents.
As described above, a structural unit of exploration is the trip, conceived of as the trajectory of locomotion out from and back to the home-base [8] [9] [10] . The present results reveal that with increase in arena size, the number of trips increases but trip-length decreases. These changes are most conspicuous in the increasing-size group, almost non-existent in the decreasing-size group, and at an intermediate level in the random group. As for activity, this trend of changes is highlighted by describing these parameters according to the relative part of each arena in their total sum (Fig. 3B) . As shown, changes in the number of trips contrast changes in trip-length, as another manifestation of consistency of activity (e.g. traveled distance in the different arena sizes). In other words, fewer longer trips in the small arena equate the more frequent shorter trips in the large arena, resulting in a steady level of activity in the different arenas.
A previous study demonstrated that an adjustment in inter-stop distance is a mechanism of scaling locomotor behavior to arena size [7] . However, the present results indicate that this scaling mechanism is limited in voles to small arenas. Indeed, inter-stop distance mainly varied in the smaller arenas (Fig. 3B) . In the large arenas, inter-stop distance was typically shorter compared with the small arenas, probably as another reflection of the voles clinging to the arena walls, as manifested in the spatial distribution of activity.
Spatial distribution
A conspicuous effect of the increase in arena size was on the spatial distribution of locomotion. Voles in the small arenas traveled in both the center and along the perimeter of the open field whereas in the large arenas they mainly traveled along the perimeter. Traveling close to the walls of the cage or open field has been a prominent feature of the behavior of laboratory rats [27] , as it is in wild rats, which tend to stay in contact with vertical objects or the periphery of open space [1] . Indeed, when tested in an open field with or without access to shelter, rats remained over 90% of the time along the perimeter, suggesting that the walls confer anxiety-relieving body contact [16] . In the same vein, the present study with voles revealed that with increase in arena size, voles traveled increasingly more along the perimeter and, whether locomoting or not, remained most of the time close to the walls. Similar to parameters of temporal order, these changes were most notable in the increasing-size group, minimal in the decreasing-size group, and intermediate in the random group. Nonetheless, for all arena sizes the overall traveled distance and length of time of remaining along the walls rarely fell below 85% of the total traveled distance and time. In other words, regardless of arena size or testing order, the voles mostly traveled along or remained close to the walls more than 85% of the total time, and in the larger arena size they did so almost 100% of the total. These minimal changes are also reflected in the relative part of each arena size in the total measure of the spatial distribution of activity in the five arenas together (Fig. 3C) . As shown, changes were minor even more than those seen in activity (Fig. 3A) and in the temporal structure of behavior (Fig. 3B) .
While voles are burrow-dwellers that avoid open spaces, and the walls may well have offered a better perception of shelter compared with the open center of the arena, an additional (but not necessarily alternative) explanation is that the smaller arena allowed a more thorough space perception, enabling the voles to take shortcuts through it. Conversely, when the arena was too large for thorough Table 2 The rate of change in each behavioral parameter is shown for: (1) the maximum divided by the minimum, as measured in the five arenas and (2) As shown, ratios were smaller in behavior compared with the ratio in perimeter and area. Note that the difference was lower in the decrease group, and about the same in the random and increase groups.
perception, locomotion was tied to the physical structure of the environment, due to a limited capacity to traverse the large and homogenous central area. Accordingly, it could be expected that in the small arena, where voles could exploit the entire space available for exploration, trajectories of locomotion would extend from wall to wall. Conversely, in the larger arenas, where exploiting the entire space is less likely, trajectories of locomotion through the center would be confined to the vicinity of the walls and rarely extend from wall to wall. Indeed, these properties are shown in Figs. 1 and 2 , indicating a perceptual role of arena size in the spatial structure of locomotor behavior.
Behavioral stability
In the present study, locomotor behavior was described under both gradual and random change in arena size. The change in arena size was drastic, with a 44.3-fold increase in the area (from 40 cm × 60 cm to 260 cm × 400 cm) and 6.6-fold increase in the perimeter (from 200 to 1320 cm). Despite these major changes in the arena, the behavioral changes were moderate, averaging about two-fold increase in each testing order, as shown in Table 2 . In other words, arena size does not matter much since the amount and structure of locomotor open-field behavior is relatively steady, withstanding drastic environmental changes. This finding further supports the use of a relatively small open field [35] in studying drug-induced behavior or the behavior under neural or genetic manipulations, since activity, temporal structure and spatial distribution of behavior are least affected by arena size. Moreover, the behavioral stability further supports the notion that locomotor behavior in the open field is an orderly, structured multidimensional process [4, 21, 26] .
